Abstract-Orthography system development process is vital to help in the language documentation. Language documentation is useful to preserve the indigenous languages. There are many approaches that had been taken by the linguists to develop the orthography system. Unfortunately, the method that is used by the linguists to develop the orthography system is not feasible. As the linguists need to travel to the specific areas to collect and identify requirements of the languages, the whole process would be cumbersome. Thus, Computer Supported Cooperative Work (CSCW) had been chosen to apply in the orthography system development process. The purpose of applying CSCW into the orthography system development process is to use Information and Communication Technology (ICTs) to engage the linguists working together with the indigenous community.
INTRODUCTION
Orthography system is known as the spelling system that consists of a set of symbols and writing rules to combine them to write words or sounds [1] . Orthography system provides the written form of the language so that native speakers able to document the indigenous languages. Since there are many indigenous languages still not yet documented, thus orthography system becoming increasingly important. However, orthography system development largely difficult as much time and money required for the linguists travel to rural remote area.
The focus of this paper is mainly on improving the performance of orthography system development. Orthography system development is a cumbersome process, as more time is required for linguists travel to rural remote area. Sometimes, linguists may spend few months or years to conduct the orthography system development process. Therefore, much costs spent in orthography system development as well.
Moreover, community participation is another critical factor in orthography system development. This is due to some of the indigenous communities are very passive in documenting their languages [2] . If they do not cooperate in orthography system development, it will delay the whole process. Besides that, the target languages tend to be spoken by people in remote rural areas with next to no Internet connectivity. These issues have degrades the performance of orthography system development. Thus, some improvements are needed to increase the possibility for orthography system development to be conducted at different places. So, ICTs was used to provide the online tool to enable collaborative working between linguists and community [3] .
The location of this ongoing research is Sarawak, East Malaysia. The reason of choosing this location is because there are many indigenous minority languages in Sarawak do not as yet have agreed orthography system, as they have not traditionally been written down. Therefore, we choose to collaborate with the Penan community, a small minority indigenous group at Long Lamai, Sarawak.
Currently, there are many methods have been designed for orthography system development. However, they may not suitable if linguists are far apart from the community. Therefore, the new approach is proposed to improve the performance of orthography system development.
In this paper, Section II briefly discussed the related work of orthography system development. Section III shows the overview of Computer Supported Cooperative Work (CSCW). Section IV proposes a new way of improving orthography system development process and concludes this paper in Section VI.
II. RELATED WORKS
Several orthography system development processes have been introduced in this section. This is used to develop a clear common understanding so that we can implement the similar steps in proposed new approach. Thus, two minority languages were chosen, Temiar language and Bantu subgroup of NigerCongo languages.
A. Temiar language
Temiar language is a minority Austronesian language spoken by an "Orang Asli" (indigenous people) community in the Malay Peninsula (West Malaysia) [4] . Benjamin had developed a set of International Phonetic Alphabet (IPA) for this language. IPA covers all possible sounds of all human languages, and that only subset of these will be found within the phoneme inventory of particular languages [5] . On the other hand, spelling represents the written form of the languages. The spelling need to be written down so that the native speakers able to read and write the spelling correctly.
B. Bantu subgroup of Niger-Congo languages
Bantu is a family of related languages in Africa [6] . Schroeder had developed the orthography system for Bantu subgroup of Niger-Congo languages.
Both of the languages started with data collection where wordlists were collected by recording words or stories which aimed to get the linguistic data needed. Next, the sounds or phonology exists in the language (i.e. consonants, vowels or any other phonemes in existence) was identified. Besides, the morphophonology of the language was identified as well. Lastly, linguists conducted the evaluation process with community to discuss the spelling to be used among them.
The orthography system development for two languages is quite similar. In general, linguists spend few months to collect and analyse the data. Besides, linguists need to get the opinion from community in order to reach the agreement on the spelling. Linguists are not the sole one do the decision but community agreement on spelling are considered. Collaboration is important because linguists and community discuss together until reach the consensus of the spelling. Hence, we know that the collaboration between the community and linguists cannot be neglected.
The general process of orthography system development has been represented in Figure 1 . The general process consists of three main steps, which include data collection, identify IPA and spelling, and evaluation with community.
FIGURE 1. GENERAL ORTHOGRAPHY SYSTEM DEVELOPMENT PROCESS
After reviewing on the existing orthography system development, Table I below lists down the advantages and disadvantages of conventional method. From the disadvantages discovered from the conventional method, the new approach has been proposed to address the problems faced by linguists currently. The new approach improves on the conventional method. Moreover, the new approach increases the collaboration opportunity among linguists and community.
In order to resolve the travelling problem, the new approach applied together with Computer Supported Cooperative Work (CSCW). This is due to CSCW provides the online working environment for participants. Participants able to join in the orthography system development even they are located at different places. In this context, linguists able to collaborate with the indigenous communities even they are located at different places. Linguists no need travel to the rural area for conducting data collection and orthography system development by using the new approach. The further details of CSCW will be described in Section III.
III. COMPUTER SUPPORTED COOPERATIVE WORK (CSCW)
Computer Supported Cooperative Work (CSCW) is a groupware that brings the people work together with the helping of computer technology [7] . There are four modes inside CSCW groupware, which includes of A) Synchronous and Co-located B) Synchronous and Remote C) Asynchronous and Co-located D) Asynchronous and Remote FIGURE 2. CSCW CLASSIFICATION SPACE [7] As shown in Figure 2 above, the applications can be classified based on the different CSCW modes. The mode that chosen to apply in proposed new approach is Asynchronous and Remote mode. This mode represents that the participants conduct collaborative activities at different time and different places. This mode is suitable because linguists use ICTs to conduct the orthography system development together with community at different places.
IV. PROPOSED NEW APPROACH
Section II covers the constraints of conventional method. Therefore, a new approach named as Online CSCW Approach was proposed to solve the current situation.
This new approach proposed that linguists and community work in online environment for orthography system development. This new approach should be able to improve the performance of orthography system development.
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To introduce the online working environment, an online platform built in order to engage linguists and community work together in orthography system development. The purpose of implementing this online platform is because currently do not have existing online platform allows them to work collaboratively.
Based on the general steps in orthography system development shown in Figure 1 , the steps included in Online CSCW Approach consists of data collection, identify IPA and spelling and evaluation with community.
The work flow of Online CSCW Approach started with the contribution work from community. First, one of the community members was assigned as facilitator to collect data from other community members. After the data had been collected, they saved it in computer and uploaded to online platform. Compared with the conventional method, linguists can save their time and energy because community helps them to collect data.
Data being put online provides first hand data for effective analysis because linguists can access to the data at everywhere. As long as the Internet connection is available, they are able to access the data. From the uploaded data, they carried out the IPA and spelling identification process. The appropriate spelling was suggested to the community.
Lastly, the proposed spelling was displayed in online platform. Community members decided on the suitable spelling to be used among them. The discussion occurred between them to obtain the best spelling results.
Hence, this new approach provides the collaboration opportunity for linguists and community in orthography system development. They are working collaboratively in online platform to success the orthography system development.
However, Online CSCW Approach has its own constraints. The advantages and disadvantages of Online CSCW Approach are shown in Table II 
V. CASE STUDY EXAMPLE
To access the efficiency of Online CSCW Approach, a pilot study had been carried out with Penan settlement in Long Lamai, Miri. Long Lamai has a population of about 500 people, and is one of the smallest ethnic communities in Malaysia. Moreover, few linguists were engaged to participate in the study as well. The linguists come from the Centre of Language Study (CLS), UNIMAS. They have some linguistic background and quite familiar with IPA.
A. Community collect and upload data
Ten (10) words were picked from Swadesh list. A Swadesh list is a list of vocabulary with basic meanings, developed by Morris Swadesh in the 1940-50s [8] . The basic vocabulary is less likely to be borrowed between languages. Hence, Swadesh list was used in the study.
In this study, there were only ten words being used because this is the observation process to determine that the new approach able to help in orthography system development. However, more words will be used in the future study. Table III following shows the word list used in this study. The words were translated into Malay and provided to the Penan community. This is due to Penan community more familiar with Malay words. The discussion held with community leaders to suggest the suitable person to participate in the experiment. They assigned one of the community members acted as the facilitator. The role of the facilitator is to record and upload the words to the online platform. Thus, facilitator should be a computer literate person.
The facilitator found some old folks to record their pronunciation of the words. The purpose of doing this is to find the variation on the pronunciation between different people. The recorded audio files were saved into computer and uploaded to the online platform. The data used for analysis process later.
Some training was provided to the facilitator before data collection process started. The facilitator should be able to collect and upload data by themselves without helping from the researchers in future time.
In this study, the facilitator did not face much problem because of the familiarity with computers. The familiarity with computers and the ability to use them effectively will be of critical importance to success in many different fields [9] . Hence, orthography system development is one of the fields that will be success with the aids of computer technology.
Besides that, some positive feedbacks were gained from the participants. They felt that the online platform was useful for them to preserve their languages. With ICTs, the have the opportunity to record the pronunciation of the words and archive the language resources [10] .
B. Linguists identify IPA and spelling
Linguists analysed on ten (10) words which already uploaded in online platform. The task given to them was identified IPA and suggested appropriate spelling for ten words.
There were three (3) linguists involved in this pilot study. The range of the age of participants is from 40-60 years old. They have some linguistic and computer background. Therefore, they must be able to work in online platform for orthography system development.
They accessed online platform and listened uploaded audio files. Next, they identified IPA and spelling for the corresponding words. The suggested spellings were stored in database and displayed in online platform. Thus, linguists and community must be able to view on the spelling results.
From the study, we discovered that linguists finished the task in certain time. And they do not encountered much problems whenever using online prototype. This study able to observe that how linguists used the new approach to identify IPA and spelling. Thus, this new approach could be a possible tool to help in orthography system development.
C. Community evaluate on the spelling
The evaluation process was conducted with some youth and elders from Penan community. This was used to get the variation on the written spelling among the Penan community.
The audio files were played in front of the community. Next, they wrote down the suitable spelling on a piece of paper. Besides, the proposed spelling by linguists was showed to the community. This was used to obtain the feedbacks from community on the proposed spelling. The participants discussed among themselves to decide on the suitable spelling. Next, the facilitator entered participant's feedback in online platform. Therefore, some interaction occurred between the linguists and community. The interaction is no longer limited face-to-face communication, but extended to asynchronous communication. Asynchronous communication will improve on the performance of the orthography system development.
Table IV below shows the spelling proposed by linguists (L1-L3) and shaded box in grey colour represents that community agree with the spelling. The accepted spelling shows a good sign that community willing to collaborate with linguists in orthography system development. If there are people in community who are willing to work with linguists, then linguists has to make sure that they also contribute something useful to their community [11] . Hence, linguists collected data from community members, and they help to build the orthography system for community. After the study was completed, some interview surveys were conducted to ask for their opinion about the importance of their languages. The awareness about the preservation of their native languages has to be raised. They expressed that their native languages become endangered and it is necessary to preserve their languages. Besides that, the relationship among community members can be increased throughout the discussion. The participation of community members in orthography system development helps to speed up the orthography system development.
VI. DISCUSSION AND FINDINGS
The pilot study demonstrated that Online CSCW Approach could be a possible tool for linguists and community to conduct orthography system development together.
From the interview surveys conducted, linguists are satisfied to use the new approach in orthography system development. They expressed that this new approach could help them save time and energy for travelling to the rural area. This is very encouraging to see the linguists use this new approach in orthography system development. Besides, they also can interact with the community easily with the aids of ICTs. However, this is still the initial step to get the linguists involved in the online development process. Hence, more efforts need to put in to encourage the linguists to use this approach in future time.
Moreover, feedbacks obtained from Penan community also very optimistic. They can take advantage of computer technology for language preservation because the language materials can be collected and passed down to the next generation [12] .
On the other hand, the written spelling among the community still vary so much because they still do not have standard dictionary to document their language properly. Therefore, a standard spelling guide has to be produced for Penan community to keep the languages alive.
However, the active participation from community definitely helps to reduce the time used in the orthography system development. Thus, the collaboration between linguists and community must be able to improve on the performance of orthography system development.
Besides, linguists and ICTs researchers need to collaborate in the development of rural informatics in order to eliminate the 'digital divide'. ICTs researcher acts as the intermediate person to engage linguists and community working collaboratively online. Thus, some technology facilities are provided in rural area to enhance on the communication channel among each other.
Overall, the collaboration from different parties definitely can achieve the success in orthography system development.
VII. CONCLUSION
In sum, Online CSCW Approach is demonstrated that could be a possible tool in orthography system development process. With the proposed new approach, time and costs used for travelling must be greatly reduced. The online platform provides another working opportunity for linguists and community work in orthography system development. Future work will be putting this approach in other Sarawak indigenous languages as well.
